This paper uses a national survey of 3,119 individuals to examine the effect of lung cancer risk perceptions on smoking activity. Both smokers and nonsmokers greatly overestimate the lung cancer risk of cigarette smoking, and the extent of the overestimation is much greater than the extent of underestimation. These risk perceptions in turn significantly reduce the probability of smoking, as suggested by an economic model of risky consumption decisions. Cigarette excise taxes in effect endow individuals with additional risk perceptions comparable to their current assessed lung cancer risks.
I. Introduction
Individuals face a multitude of risks in their daily lives. For the most part, these risks arise because of particular actions they have taken and consumption decisions they have made. The most prominent consumer risk in recent years has been cigarette smoking, which has been the object of required hazard warnings, partial advertising bans, annual surgeon general's reports, restrictions on public smoking, and widespread adverse publicity. This paper utilizes detailed data on individual risk perceptions and smoking behavior to investigate cigarette smoking as a potentially risky consumption activity. Two classes of issues are of interest. both the standpoint of market efficiency and the role of hazard warnings, which ideally should foster more accurate risk perceptions. Individuals frequently overestimate highly publicized risks, and this pattern is borne out in an analysis of lung cancer risk perceptions.
The second class of issues pertains to the linkage between risk perceptions and smoking behavior. If risk perceptions did not affect smoking in a significant manner, then doubt would be cast on the rationality of these consumption decisions. In the case of lung cancer risks, smoking behavior is very responsive to risk perceptions in the expected direction.
This analysis of smoking behavior serves as a more general study of the character of risk-taking behavior. Much of the economic literature dealing with consumer and worker responses to risk is based on an assumption of rational individual responses to risk. Although evidence of rationality has been manifested in diverse ways by, for example, individuals' utilization of seatbelts and the positive effect ofjob risks on wage rates, these studies almost invariably have not focused on the components of the individuals' decision-making process.' This cigarette smoking analysis provides a more refined exploration of the relationship of market responses to subjective risk perceptions than has appeared in any other context.
The character of the data requires that the analysis focus on static consumption decisions. What are individuals' risk perceptions and tastes, and how do these affect observed smoking behavior? Crosssectional data do not, however, permit us to consider decisions to quit smoking. The costs associated with such changes have been recently designated a problem of "addiction" by the surgeon general, in contrast with earlier designations: "The tobacco habit should be characterized as an habituation rather than an addiction" (U.S. Department of Health, Education, and Welfare 1964, p. 34).2 Some recent economic contributions suggest that our interpretation of this "addiction" phenomenon is quite complex.3 Costs of change are relevant from the standpoint of market failure if individuals make mistaken decisions that they wish to reverse. The welfare losses will hinge on the nature of the risk perceptions that will be explored here.4 'See, among others, Peltzman (1975) for a study of seatbelts and Viscusi (1979) for an analysis of job risks. The only study of wage responses to subjective job risk perceptions using a continuous risk measure is Viscusi and O'Connor (1984) . The first study using a 0-1 measure of subjective risk perceptions is Viscusi (1979 In Section II of the paper, I describe the data set that will be used, the conceptual background, and the empirical model. Section III provides a detailed analysis of lung cancer risk perceptions, and Section IV presents the smoking equation results. In Section V, I explore the risk perception equivalent of excise taxes. Section VI offers concluding observations on smoking as a potentially risky consumption decision.
The results indicate that the level of lung cancer risk perceptions is very high. Not only do individuals have substantial lung cancer risk assessments that influence their smoking decisions, but excise taxes discourage smoking further by, in effect, endowing people with the equivalent of risk perceptions almost comparable to their current risk beliefs. The enormous social pressures being exerted against cigarette smoking will surely affect individual perceptions of the product risk, so that the substantial role of risk perceptions accords with expected behavior.
II. The Data Base
In September 1985, a New York survey research firm, Audits and Surveys, undertook a national telephone survey to ascertain the character of individual attitudes toward smoking and the nature of their risk perceptions.5 The sampling procedure involved used over 400 phone banks to call individuals nationwide; the sampling was proportional to the number of working residential phones in each stratum of the sample. To ensure a representative sample, the stratification was first performed by region (the four U.S. census regions), which were then stratified into metropolitan and nonmetropolitan areas.
Once contact was made with a home, a random selection procedure was used to determine which household participant would be interviewed, with participation restricted to persons aged 16 and older. Just over half of the sample are in the large middle-aged cohort ages 22-45, one-tenth are aged 16-21, and the remainder are over age 45. Over half of the sample are females, and the average household size is 2.1.
After informing the individual answering the phone that this survey was being conducted for "a study about cigarette smoking" and selecting the survey respondent from the household, the interviewer first ascertained the respondent's overall reaction to cigarettes. As indicated by Magat, Viscusi, and Huber (1988) , this open-ended risk perceptions at the onset of consumption activity. For the data set considered here, the younger members have even higher risk perceptions than the sample average. 5 The survey was undertaken by this survey research firm in support of tobacco litigation efforts. memory recall approach is an instructive technique for assessing the saliency of taste-related factors and risk-related concerns without biasing subsequent responses.
After then determining which of several statements the individual had heard about cigarettes (e.g., "cigarette smoking is bad for a person's health, but not dangerous"), the interviewer ascertained the respondent's perception of the risks of lung cancer, which has long been viewed as a prominent and substantial potential hazard of cigarettes. Obtaining meaningful survey responses regarding individuals' risk perceptions is not a straightforward task since one could ask for a probability, a number of deaths for a base population, or a rating on a risk scale shown to the respondents. For a phone interview, visual risk scales are infeasible, so the approach used was to ascertain the lung cancer risk per 100 smokers: "Among 100 cigarette smokers, how many of them do you think will get lung cancer because they smoke?" As is discussed in Viscusi and Magat (1987) , this approach of using a base population reference point is a more readily understood method for eliciting probabilistic information than explicitly dealing with probabilities or fractions. The individual's response to the lung cancer question is divided by 100, to obtain the lung cancer probability (RISK), which averaged .426 for the sample. Because of the central importance of the risk perception variable to the analysis, the empirical investigation is restricted to the 3,119 individuals for whom values of RISK were not missing.
In a different survey context (see Viscusi 1988), I have obtained similar estimates of the assessed cancer death risk from smoking. In particular, consumers were asked to rate the severity of a particular test product on a risk scale in which risks posed by cigarettes and saccharin products were the principal reference points. Respondents indicated that the test product posed a risk that was equivalent to smoking 0.58 packs of cigarettes daily. They were then asked how many of the 11 million Illinois residents using the product would be killed by consumption of the product. Their average response of 1,316,729 deaths indicated that they viewed a death risk of .12 as equivalent to the risk posed by 0.58 packs of cigarettes. The implied death risk per pack is .21, which leads to an overall average death risk from cigarettes of .33 based on current population smoking rates.6 Given the less representative character of the food cancer warning study and the quite different survey approaches, these findings are 6 In my food cancer warning study (Viscusi 1988 quite similar to the Audits and Surveys data. Establishing this linkage also suggests that the results in this paper are likely to be reasonably robust with respect to variations in survey methodology.
Unfortunately, the survey did not include information on all components of smoking risks. For example, although there is a high mortality risk from lung cancer, it would have been helpful to have had information on the assessed mortality from lung cancer, not simply assessed lung cancer rates. The previously mentioned survey by Viscusi (1988) did address the cancer mortality risk component, yielding similar but somewhat smaller estimates than those for the overall lung cancer risk.
More important, there are other mortality and morbidity risks associated with smoking, including heart disease, strokes, and emphysema, but these are not included in the survey data. Although the perspective afforded by this analysis will be limited to the link between lung cancer risk perceptions and smoking behavior, other surveys (1981 Gallup poll) indicate that lung cancer risk awareness is similar to that for other diseases, such as throat cancer and heart disease.
The other variables of interest pertain to the individual's smoking status. One-fourth of the respondents were current cigarette smokers, and an almost identical number were former cigarette smokers. Half of the sample had never smoked cigarettes. The smoking fraction is a bit below the national average, which is not unexpected given the overrepresentation of women in the sample.
III. Individual Perceptions of Lung Cancer Risks
The central focus of this paper is perceptions of smoking risks and the linkage of these perceptions to smoking behavior. The nature of these risk perceptions has long been a matter of policy controversy, and the government has mandated a series of increasingly stringent on-product warnings in order to increase the perceived risk.
Previous evidence on smoking risk perceptions has not been based on a meaningful probabilistic metric. For example, the U.S. Federal Trade Commission (1981, pp. 3-5) concluded that the stronger series of rotating warnings initiated in 1984 was needed since many smokers did not believe that smoking is "hazardous" or "causes cancer." Such survey approaches are deficient in at least three ways. First, they often deal with statements for which the implied risk level is unclear. What level of risk is sufficient for an activity to be classified "hazardous"?
The risk threshold is undefined and may vary greatly across respondents. Second, the questions posed often treat risks that are probabilities as if they were nonstochastic. It is not correct to state that smoking "causes cancer" since this wording implies a certain link, whereas the true relationship is probabilistic. Third, even though individuals may not give correct responses to quiz questions on cigarette smoking trivia (e.g., what fraction of lung cancer is caused by cigarette smoking?), their overall risk judgments may be correct.
The RISK variable analyzed here consequently represents a considerable improvement over the smoking literature in terms of providing a meaningful risk measure. To assess the extent of bias in RISK perceptions, one must make some judgment regarding the actual lung cancer risk level. Such judgments are difficult to make since the scientific evidence is imprecise, and the scientific results are based largely on overall fatality risks of smokers as opposed to the specific contribution of cigarettes to lung cancer. Since cigarettes smoked in earlier decades had a much stronger tar and nicotine content than those smoked in the survey year (1985) and since smokers are more likely to engage in a variety of life-endangering pursuits, the evidence on estimated lung cancer risk levels may be biased upward. With these caveats in mind, I shall take as my estimate of the "true" lung cancer risk a value in a range from .05 to .10; this estimate has been generated using information from the surgeon general's reports.8 In recognition of the uncertainty regarding the "true" lung cancer risk reference point, a sensitivity analysis will be performed using these two different reference points. These reference lung cancer risk levels are primarily an expositional device for putting Viscusi (1985) , this tendency does not represent a behavioral irrationality but stems from a rational Bayesian learning process in which one revises one's prior beliefs toward the truth. In the case in which learning is partial, the posterior probability of low-probability events will exceed the actual risk, and for high-probability events, assessments will be below the risk. In the limiting full-information case, risk perceptions will be accurate.
A second, related observation stems from the literature on highly publicized events. Risks from accidents that have received widespread publicity are more likely to be overestimated (see Combs Using the results in table 2 (eq. 1), one can undertake such calculations by replacing the individual's actual risk perceptions with an estimate of the true risk. Because of the nonlinearity of the logit estimation procedure, the approach here will not be to examine the effects at the variable mean but rather will be a complete simulation. For each of the 3,119 sample members, I calculate the predicted smoking probability on the basis of their reported risk perceptions and the predicted probability with accurate risk perceptions. These calculations were undertaken for two "true" lung cancer risk levels: .05 and .10. Table 3 summarizes the results of these calculations. Consider first the results for the case of a "true" risk of .05. For individuals who underassess the risk, they do so by very little, so that accurate risk perceptions would diminish their smoking probability by .009, or under 1 percent. For individuals who do not underassess the risk, the smoking probability would increase substantially-by .082-if risk perceptions were unbiased.
To ascertain the overall effect on societal smoking rates, these estimates must be weighted by the fraction of individuals in the group. Since many more individuals overassess or correctly assess the risk of the inherent difficulty in finding instruments correlated with the lung cancer risk but not the omitted risks, the potential for bias cannot be completely eliminated. Other studies of market responses to risk, such as studies of wage effects of fatality risks, are subject to similar limitations. These results are not particularly sensitive to increases in the reference lung cancer risk level that is assumed since overassessments of the risk are of greater magnitude. For the reference risk value of .10, the decreased smoking probability of those who underassess the risk is almost double that of before, but the population share with this response remains small. The decreased smoking probability of those who do not underassess the risk has dropped somewhat, and a change of equal consequence is that the fraction of individuals in this group has dropped as well. The net effect is that the societal smoking rate would rise by 6.5 percent if individuals had an accurate understanding of a "true" risk level of .10.
The role of risk underestimation for lung cancer risks is dwarfed by the effect of risk overestimation. An unbiased assessment of these risks would boost cigarette smoking because of the skewed distribution of risk perceptions around the actual lung cancer risk level.
V. The Lung Cancer Risk Equivalent of Excise Taxes
In situations of market failure involving goods traded on the market, a frequently suggested remedy for market failure is the use of taxes. Thus economists have suggested injury taxes for on-thejob injuries and various kinds of pollution taxes and marketable pollution rights schemes for pollution. These tax approaches have a direct analogue in the case of cigarettes since one could impose a tax on cigarettes to discourage consumption in much the same manner that would be accomplished through risk perceptions. Indeed, a recent analysis by Manning et al. (1989) explicitly addresses whether taxes on cigarettes and alcohol are sufficient to cover the external costs generated. Unlike information policies, however, taxes will discourage the consumption of all consumers, not simply those who underassess the risk. Table 4 cl GMi 00 -GM cl Cn cl "b t-: -GM Ol G M-GMl 00 "< < Cz 4 r--O -4 -b r-O n n Gq n n Gq n n Gq n Gq n n n o n on G1 on G1 on G1 on G on on on G on SSSZZZZZZZ~ZOOOO4ttI E~;HH SS Z
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The results of the excise tax simulation in table 4 are quite striking. Even for the lowest-elasticity column the risk equivalent of the excise tax greatly exceeds estimates of the "true" lung cancer risk, with the risk equivalent being .17 nationally. The effects increase almost proportionally in the other elasticity cases.
Even if individuals had no awareness of lung cancer risks at all and assessed the risks as being zero, excise taxes would have discouraged smoking by more than the effect of accurate risk perceptions. Taxes augment the role of lung cancer risk perceptions by roughly half to more than double, depending on the price elasticity of demand. Whether or not these taxes are sufficient to offset possibly inadequate risk perceptions for other smoking risks is less clear-cut since the levels of the other risks from smoking are not as well established.
VI. Conclusion
From an economic standpoint, cigarette smoking can be viewed as a potentially hazardous consumption activity. The fundamental economic question is whether smoking decisions are made in a rational manner. The assessment of the role of one important smoking risk, that of lung cancer, indicates that these risk perceptions are quite substantial and are perhaps biased upward. This is consistent with psychological evidence on highly publicized risks. The source of the biased perceptions may also be a consequence of the character of societal information transfer and the social pressure against smoking.
Perceptions of the risks also influence smoking behavior, as predicted by an economic model of risky consumption behavior. The role of excise taxes serves to discourage consumption in much the same manner as increasing lung cancer risk perceptions by as much as 50-100 percent would, depending on the elasticity of demand. Cigarette excise taxes do more to reduce smoking propensities than elimination of any proclivities toward smoking stemming from underestimation of the potential lung cancer hazards. Although this study did not address all facets of smoking risks and decisions, the influence of lung cancer risk perceptions on smoking behavior provides striking evidence of the importance of individual responses to risk.
